Assessing diagnostic and screening tests: Part 2. How to use the

research literature on diagnosis

Case scenario

One night when on call for inpatient admissions,
you receive the third call in a week to admit a
child who looks well but has fever and a petechial
rash. Few of these children actually seem to have
bacterial (particularly meningococcal) sepsis, but
you are not sure how good the “diagnostic test”
of the child’s clinical appearance (well vs not
well) performs in this circumstance. You estimate
that it would be 20 times worse to miss a child
who has bacteremia than to admit a child

www.ewjm.com

unnecessarily (that is, the action threshold is
around 5%) and wonder whether the child’s
appearance can be incorporated into the decision
to admit children who have fever and petechial
rash. You frame the question, “In children with
fever and petechiae (population), does looking ill
(diagnostic test) increase the risk of bacteremia
(outcome)?” and search for literature on this
topic using the search strategy “petechiae AND
bacteremia” in the “Clinical Queries” section of
PubMed’s web site (highlighting diagnosis and
sensitivity). This strategy yields 24 studies.
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Summary points

¢ In appraising the research on a diagnostic test,
physicians should ask whether the results are likely to
be valid (close to the truth) and whether they are
applicable to the physician’s clinical setting

e Atestis useful only when an action threshold could be
crossed based on the result of the test

Precise pretest and post-test probabilities are often
difficult to calculate, but a few simple calculations can
provide an upper and lower estimate of the probability
of disease

Knowing the threshold for taking action, the pretest
probability of disease in a patient, and the likelihood
ratio for the test will help in the interpretation and
application of the test results

SEARCHING THE LITERATURE FOR THE BEST
AVAILABLE STUDY

For questions about medical interventions, sources such as
the Cochrane Library, Best Evidence, and Clinical Evidence
contain predigested evidence, in which someone else has
gone to the trouble of performing a thorough search, has
appraised the evidence, and has synthesized the valid stud-
ies for many dlinical questions. Unfortunately, for ques-
tions about diagnosis, few such sources of predigested evi-
dence exist. Searching the original literature is easiest if
some methodologic terms are incorporated into the search
strategy; the “Clinical Queries” feature of PubMed actu-
ally does this by incorporating a previously tested set of
strategies to maximize either the sensitivity or the speci-
ficity of the search. A sensitive search will yield the most
citations, but many may be irrelevant; a specific search will
yield fewer, but some relevant publications may be missed.
If the Clinical Queries search is unsuccessful, proceed to a
search without methodologic terms on PubMed or any
other search engine for MEDLINE.

After 1 or more articles are found that address the
question, the next step is to decide whether the result can
be believed. This involves critically appraising the study
methods to decide whether the results are likely to be valid
(close to the truth) and whether the results (if the study is
likely to be valid) are applicable to a specific setting. The
following guides (see box) will help physicians decide
whether the study they are reading is valid and applicable
to their patients.

IS THE STUDY VALID?

Does the study include an independent, blind
comparison with an adequate

reference standard?

Ideally, a reference standard represents unequivocal truth,
and with its use, it should be clear which patients defi-
nitely have the disease and which definitely do not. For

example, chromosome analysis for trisomy 21 is the ref-
erence standard for Down syndrome. However, for most
conditions, the division into those who have the disease
and those who do not is an artificial cutoff in a spectrum
of disease severity. For example, the reference standard for
anemia in a toddler is generally quoted as a hemoglobin
level of less than 11 g/L (<110 g/dL). But why is it not
11.5 or 9.0 or 10.5 g/L? A cutoff has to be drawn some-
where to define which patients require treatment or fur-
ther investigation and which do not. Although few refer-
ence standards are perfect, physicians need to judge
whether the reference standard used in an article is accept-
able. This will depend on how closely the reference stan-
dard relates to prognosis and the potential to benefit from
intervention.

The next step is to work out whether there was a blind
comparison between the test and the reference standard. It
is important that knowledge of the result of the “test” did
not influence the decision to obtain the reference standard
and that knowledge of the reference standard did not in-
fluence the result of the test. Unblinded comparisons are
biased toward agreement. If a colleague says, “Listen to
this heart; I think there is a systolic murmur,” other phy-
sicians are likely to agree. Similarly, if the lead physician
(for instance, of a team) says, “This heart sounds normal,”
others would be less likely to hear a murmur. Tests are
independent if the reference standard does not include the
test or elements of the test. For example, the white blood
cell count (test) should not be compared with a reference
standard for sepsis that is composed of blood culture,
white blood cell count, and clinical condition because here
the reference standard includes the test being evaluated.

Did the study sample include an appropriate
spectrum of patients to whom the test would be
applied in practice?

Physicians need to work out whether a test’s use was com-

pared in all patients or just in those who obviously had the
disease and those who obviously did not. The latter often

It

In children with fever and petechiae, looking ill increases the
likelihood of bacteremia
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happens. Clinicians decide to write an article, pull out a
selection of their obviously “bad cases,” and do the refer-
ence standard in a group of unaffected “controls.” Com-
mon sense dictates that it is easy to differentiate between
severe disease and no disease at all. Any reports like this
should be treated with caution because they exaggerate test
performance.” Moreover, such studies provide no infor-
mation on patients at intermediate risk of disease—a
group most in need of effective testing. Ideally, the phy-
sician should look for a study that has evaluated the test in
patients with a similar range of disease severity as his or her
own patients. It is rarely possible to find the perfect study.
Studies from referral centers will often be found, and the
physician will have to judge how their results apply to the
patients at hand. A rough rule is that patdents with nega-
tive results are less likely to be referred, so the proportion
of false-negatives is underestimated (and sensitivity is over-
estimated). The excess of patients with positive results
leads to an overestimation of the proportion of false-
positives (thereby underestimating specificity). Similarly,
studies in primary care, where few patients have comorbid
conditions that give rise to false-positive results, are likely
to overestimate specificity. In practice, the spectrum of
patients in which the test was evaluated, characterized by
disease severity, comorbidity, or the age or sex of patients,
usually does affect the likelihood ratio (LR).>* The LR
should, therefore, be thought of as an average measure of
test performance.

Did the test result influence the decision to
perform the reference standard?
Gold standard tests may be expensive, invasive, or hazard-
ous, so usually a test is needed to replace the reference
standard; however, when evaluating the test, the reference
standard should be performed regardless of the test results.
For example, if a physician wants to know about the per-
formance of prenatal serum testing for babies with Down
syndrome, he or she would search for a study in which all
women had an amniocentesis and in which the serum test
result did not affect management. If women knew the
results of their tests, those with a negative result might not
turn up for amniocentesis, and the proportion of false-
negative results would be underestimated. Sometimes it is
simply not feasible to perform the reference standard on all
patients with a negative result. In these cases, the reference
standard can be performed on a random sample of pa-
tients with a negative result. More information on the
pitfalls and calculations associated with this approach has
been reported elsewhere.” In some studies, different refer-
ence standards are used for patients with positive and
negative test results. Such studies can overestimate test
performance.'

In the search described in the case scenario, 1 article
was found® that directly addresses the question posed in
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Critical appraisal criteria for studies of diagnostic

tests

Is the study valid?

e Does the study include an independent, blind
comparison with an adequate “gold” or reference
standard for the diagnosis?

Did the study sample include an appropriate spectrum
of patients to whom the test would be applied in
practice?

Did the test result influence the decision to perform
the reference standard?

What are the results?
e What is the likelihood ratio?
e How precise is the likelihood ratio?

Will the test results help with patient care?

e What is the pretest probability of disease in a specific

patient population?

What is the post-test probability of disease, and does

it cross the action threshold?

o Were the methods of performing the test described in
sufficient detail to be reproducible in practice? Is the

test feasible and affordable, accurate, and precise in
other settings?

the scenario. The reference standard in this study was
blood culture, probably the best reference standard avail-
able for bacteremia. The person interpreting the blood
culture did not know whether the child looked ill, and the
person judging the child’s clinical appearance did not
know the results of the blood culture, so a blind compari-
son is likely. The appearance of the child likely did not
influence whether a blood culture was done; virtually all
children with fever and petechiae (393/411) had a blood
culture result available. The patient spectrum appeared to
be broad: the authors meticulously surveyed all 24,000
patients with a temperature of 38°C or higher (=100.4°F)
who attended an accident and emergency department
during an 18-month period. They identified 411 patients
with petechiae, 8 of whom had bacteremia. The patients
studied are, therefore, likely to be similar to the hypotheti-
cal patient population in the scenario. Given the answers
to the questions so far, the study appears to be reasonably

valid.

WHAT ARE THE RESULTS?

What is the LR?

Calculation of the LR was discussed in the previous article
in this series.” Briefly, the LR compares the proportion of
those with the disease who have a particular test result with
the proportion of those without the disease who have the
same test result. If the proportions are the same, then the
LR is 1.0, and the test does not distinguish between those
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The likelihood ratio nomogram (adapted from Fagan®)

with and those without the disease. The further the LR is
from 1.0 (higher or lower), the better it distinguishes one
group from the other.

How precise is the LR?

The LR is an estimate of how well the test works, based on
the sample of patients in the study, so it is subject to
variation between studies. If the sample size is small or the
number of patients in a group is small, then the estimate

may be off, and the confidence interval (CI) is used to
quantify that impression. The 95% CI is used to describe
the range within which the true result is likely to lie 95%
of the time. A wide 95% CI indicates an estimate that is
not precise, and a narrow one indicates a precise estimate
of the LR. If the 95% ClI is not given, keep in mind that
the smaller the study, the wider the CI will be, and the less

precise the results will be.

WILL THE TEST HELP WITH PATIENT CARE?

What is the pretest probability of disease in a
specific patient population?

From clinical experience, from local data about a specific
population, or from published studies of the probability of
various diseases, the clinician should be able to estimate
the probability that a patient will have the disease before a
test is performed. The estimate need not be exact. A range
of possibilities can be set that seem reasonable, and then
the LR applied to each of them to determine whether, if
any of them were true, the action threshold would be
crossed.

What is the post-test probability of disease, and
does it cross the action threshold?

Having named a pretest probability, or a range of prob-
abilities that reasonably apply to a specific patient or pa-
tient population, the LR nomogram (ﬁgure)8 is used to
determine the post-test probability. A straight edge is laid
across the pretest probability on the right-hand column
and the LR (for the test result that was obtained) on the
center column. The post-test probability can now be read
on the right-hand column. If the pretest and the post-test
probabilities would lead to different actions, then the ac-
tion threshold has been crossed. There is no point in
obtaining a test whose results would not cause a change in
management (whether it causes a physician to take action
or to choose not to take action). A test is useful when an
action threshold could be crossed based on the result of
the test.

Were the methods for performing the test
described in sufficient detail to be reproducible
in practice? Is the test feasible and affordable,
and is it accurate and precise in

specific settings?

The reproducibility and precision of any subjective assess-
ment are important, particularly if the study was per-
formed by 1 skilled researcher rather than by people who
would be likely to use it in practice. If; in the study being
appraised, a single skilled researcher performed the test,
then test performance will likely be better than in routine
practice. For example, ultrasonography of nuchal thick-
ness as a diagnostic test for Down syndrome may be
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highly reliable in the hands of a team of fetal medicine
specialists (the same result occurs in the same patient time
and again, by the same or a different observer) but less
reliable in the hands of nonspecialized ultrasonographers.
If a study is based on a small number of testers, informa-

tion on the intraobserver and interobserver variation is also
needed.’

QUESTION THE GOLD STANDARD

Much of this article has been based on the assumption
that we know what the reference standard means. How-
ever, few reference standards unequivocally distinguish
disease from no disease, and often the reference standard is
itself an arbitrary cutoff in a spectrum of disease. For ex-
ample, there is no clear dividing line between children
who have cerebral palsy and those who do not. Most
clinicians will agree about a child with severe spastic quad-
riplegia, but how would children with mild monoplegia or
moderate dyspraxia be characterized?

For some tests (blood pressure, fasting blood glucose,
postnatal depression), the test result must be correlated
with the patient’s eventual prognosis and response to treat-
ment, and the physician must decide at what level of
severity the benefits of intervention outweigh the harms.
Evidence about how test results relate to benefits of treat-
ment can be obtained from randomized controlled trials
(RCTs). If RCTss are not available or do not relate to an
appropriate patient group, cohort studies may provide use-
ful information. Evidence relating to prognosis can be
obtained from cohort studies and sometimes from con-
trolled trials, although the populations in most controlled
trials are too highly selected to be representative of the
population at large.

RESOLUTION OF THE SCENARIO

Mandl et al systematically evaluated 24,000 children with
fever, but only 8 were found to have petechiae and bac-
teremia, which highlights the difficulty of performing such
studies.® Likelihood ratios are not reported in their article,
but they can be calculated by completing a 2x2 table for
“appears ill” or “does not appear ill” compared with the
reference standard (bacteremia). The LR for looking ill
(that is, a positive test result) was 6.4, with a 95% CI of
3.9 to 10.4, and the LR for does not look ill (that is, a
negative test result) was 0.28, with a 95% CI of 0.08 to
0.94. The patients in Mandl et al’s study are similar to
yours, so the pretest probability of bacteremia in your
patient is likely to be similar to that of the patients in their
study, which was 2% (8/410). The post-test probability is
read from the nomogram by joining the pretest probabil-
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ity (2%) and the LR for looking ill (6.4), giving a post-test
probability of about 12%. The post-test probability of
12% is well above your action threshold of 5% for ad-
mission. A “sensitivity analysis” in which the lower 95%
CI for the LR of 3.9 is used produces a post-test prob-
ability of 7.9%, still well above your action threshold. If
the child did not look ill, the LR is 0.28, so the post-test
probability would be about 0.8%. Even the higher end of
the 95% CI, 1.9%, would be below the threshold for
admission. This test result appears to have the potential to
change a dlinical action, so it is worth obtaining.

Can this test be applied in practice? Clearly, any one
physician’s assessment of an ill child may differ from the
assessment used in the study. Fortunately, the authors
described in some detail what they meant by “ill,” so the
use of their criteria in practice is straightforward.

CONCLUSIONS

Diagnosis may be complicated and involve a series of tests
or observations. Precise pretest and post-test probabilities
are often difficult to calculate, but the use of these prin-
ciples can provide an upper and lower estimate of the
probability of disease. The guidelines discussed here can
aid in deciding which studies of diagnostic tests are likely
to be valid and applicable to a particular group of patients.
Finally, interpretation and application of diagnostic tests
will be made easier and more effective (cause most benefit
for least harm) if the physician is more explicit about the
threshold for action, the pretest probability of disease in
patients, and the LR for the test.
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